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Bioinformatics ……………………………………………………………………………… 9 Tables   Table S1. RNA-seq data summary …………………………………………………………… 22 Table S2. LGC-dominant genes identified by RNA-seq analysis …………………………… 23 Table S3 . Gene ontology categories enriched in LGC-dominant genes ……………………… 30 Table S4 . Highly-expressed genes in A. pisum tissues identified by RNA-seq analysis ……… 31 Table S5 . Expression levels of Buchnera Nmo genes identified by RNA-seq analysis ……… 33 sections and mounted on glass slides. The tissue sections were incubated with blocking solution containing 10% normal goat serum for 1 h, and then with primary antibody solution (1:5000 dilution) containing 10% normal goat serum for 3 h. After washing, the tissue sections were incubated with HistoFine Simple stain MAX-PO(R) (Nichirei Bioscience) for 30 min, washed and incubated with HistoFine Simple stain DAB solution (Nichirei Bioscience) for 20 min to detect brownish signals, and then counterstained with hematoxylin. Immunoelectron microscopy was conducted essentially as described previously (S8). Soldier nymphs were decapitated and prefixed in 4% paraformaldehyde and 0.5% glutaraldehyde, postfixed in 1% osmium tetroxide, embedded in Lowicryl HM20 resin (Polysciences), processed into 100 nm ultrathin sections, and mounted on nickel grids. The ultrathin sections were incubated with blocking solution containing 1% bovine serum albumin (BSA) for 10 min, and then with primary antibody solution (1:1500 dilution for PO or 1:300 dilution for RCP, respectively, with 1% BSA) for 90 min. After washing, the ultrathin sections were incubated with secondary antibody solution (1:50 dilution of 20 nm colloidal gold-conjugated anti-rabbit antibody) for 60 min, re-fixed with 0.5% glutaraldehyde, stained with 2% uranyl acetate and lead citrate, and observed under a transmission electron microscope. Histochemical detection of polysaccharides by periodic acid and Schiff's reagent was performed on paraffin tissue sections as described previously (S9). Lipid detection on frozen tissue sections with oil red O was conducted as described previously (S10).
Molecular Phylogenetic and Evolutionary Analyses
Amino Acid Analysis. Amino acids were analyzed by liquid chromatography and mass spectrometry systems (LC/MS) as described previously (S11). The discharged body fluid samples and extracted hemolymph samples were dissolved in 80% methanol solution and stored at -80°C until use. Amino acids and related amines, including L-DOPA and dopamine, were purified by passing through a solidphase extraction column (GL-Tip SDB, GL-Science) and derivatized with propyl-chloroformate (S12). Their quantification was performed using a Prominence LC system (Shimadzu) coupled with an LCQ Duo MS (Thermo Scientific) or an H-class LC system coupled with a TQ-S micro MS (Waters). The derivatized amino acids were separated using a reverse-phase C18 column (FC-ODS, 2 mm i.d. x 150 mm, Shimadzu) under a gradient condition of water containing 0.05% formic acid and 2.5 mM ammonium formate and methanol at a flow rate of 0.2 ml/min, and their protonated ions were monitored in the Electro-Spray Ionization (ESI) positive mode. Homophenylalanine was used as an internal standard.
Lipid Analysis. The global lipid profiles of N. monzeni secretion were analyzed using an LC/MS as described (S13). The lipid fraction was extracted with chloroform and diluted by 20 times in 2-propanol. The diluted samples were separated using a C18 column (FC-ODS, 2 mm i.d. x 150 mm, Shimadzu) in a Prominence LC system (Shimadzu) coupled with an LCQ Fleet MS (Thermo Scientific), under a gradient condition of water:acetonitrile (4:6) containing 10 mM ammonium formate and acetonitrile:2-propanol containing 10 mM ammonium formate (1:9) at a flow rate of 0.2 ml/min. In ESI positive mode, triglycerides were detected as adduct ions [M + NH4]+. The detected triglyceride ions were further subjected to MS/MS fragment analyses to identify acyl-chain length and the number of saturation. The composition ratio of each triglyceride was estimated based on the relative peak intensity of the parent ion. The fatty acid composition of the lipid fraction was quantified by using a 2-nitrophenylhydradine derivatization method (S14) after the free fatty acids were liberated by alkaline hydrolysis. The derivatized fatty acids were analyzed using the above-mentioned LC/MS system with the same C18 column under a gradient condition of 5 mM ammonium formate and methanol at a flow rate of 0.2 ml/min. Quantification was performed based on absorbance at 390 nm, while mass information obtained by the MS was also used for fatty acid identification.
Undecanoic acid (C11:0) was used as an internal control.
Production of Recombinant Proteins. Recombinant PO protein was produced using the Sf9 insect culture cells and the Bac-to-Bac Baculovirus Expression System (Thermo Fisher Scientific). The PO cDNA containing the full-length open reading frame with 6 x histidine tag at the N-terminus was ligated to the pFastBac1 vector, by which an expression plasmid was constructed. Transfection was performed according to the manufacture's protocol. A high-titer recombinant baculovirus solution was added to Sf9 cells in Sf-900 II SFM medium containing 0.25 mM CuSO4, and incubated at 28℃ for 68 h. Then, the cells were collected and homogenized in 10 mM Tris-HCl (pH7.5) supplemented with the protease inhibitor cocktail cOmplete Mini (Roche). For purification, the recombinant PO protein was bound to His Mag Sepharose Ni beads (GE healthcare), washed and eluted in an elution buffer (20 mM sodium phosphate [pH 7.4], 500 mM NaCl, 200 mM imidazole). Recombinant RCP protein was produced using Eschericha coli and the pET system. The RCP cDNA encoding a polypeptide of 354 amino acid residues, which contains 31 repeat motifs in the middle region (see Fig. 2F ), was ligated to the pET15b vector, and the plasmid was transformed into the BL21(DE3)pLysS E. coli strain. Induction of the recombinant RCP protein was performed by an addition of 1 mM isopropyl-b-D-thiogalactopyranoside to the bacterial culture in the log growth phase. The recombinant RCP protein was purified using the GraviTrap affinity column (GE healthcare) in the elution buffer. Desalting, buffer exchange and concentration of the recombinant proteins were performed using Amicon Ultra centrifugal filter devices (Millipore). Since the recombinant RCP protein was highly adhesive to plastic tubes, a detergent-supplemented buffer (50 mM sodium phosphate buffer (pH7.0), 0.001% Tween 80) was used. The purified recombinant proteins were quantified by 2-D Quant kit (GE healthcare) using BSA as a standard protein. On native-PAGE gels, PO activity staining was performed at 4℃ by incubating in 25 mM potassium phosphate buffer (pH6.3) containing an excess amount of L-DOPA and 42% 2-propanol for proPO activation (S15).
In Vitro Clotting Assay. Concentrations of PO and RCP proteins in the discharged body fluid of soldier nymphs were evaluated densitometrically on the basis of band intensity of SDS-PAGE gels in comparison with each recombinant protein of known concentration. For in vitro clotting assay, a standard 6 µl reaction mixture consisted of 4 µl of 2.3 µg/µl recombinant PO, 0.3 µl of 9 µg/µl recombinant RCP, 0.5 µl of 40 mM tyrosine disodium in 50 mM sodium phosphate (pH7.0), and 1.2 µl of 2-propanol, while some of the components might be either removed, replaced, increased or decreased for experimental purposes (see Fig. 5 ). The reaction mixtures were incubated at 25℃ for 60 min and photographed. For electrophoretic crosslinking assay, the reaction mixtures were added with 6 µl of 2 x SDS-PAGE lysis buffer to stop the reaction at different time intervals, boiled for 2 min, and then subjected to SDS-PAGE.
Transcriptomics and Genomics. Total RNA was extracted from insects collected from a single gall of N. monzeni.
LGCs sampled from 50 soldier nymphs were pooled in RNAlater (TaKaRa) and subjected to RNA extraction. Embryos were dissected from adult insects in cold phosphate buffered saline containing 0.1 % Tween 20 and immediately transferred to RNAiso reagent (TaKaRa). The remaining parts of the body (adult carcasses) were also subjected to RNA preparation. Six types of samples, namely LGCs, whole bodies of soldier nymphs, whole bodies of middle-instar insects, whole bodies of adults, dissected soldier embryos, and adult carcasses, were homogenized in 1 ml of RNAiso reagent, mixed with 0.2 ml chloroform, and centrifuged. About 0.5 ml of the supernatant and an equal volume of 70 % ethanol were mixed and transferred to RNeasy column supplied in RNeasy Mini kit (QIAGEN), and subsequent procedures were performed according to the manufacture's protocol. For bacteriocytes, bacteriome from 50 soldier nymphs or 50 adult insects were dissected in cold phosphate buffered saline containing 0.1 % Tween 20, pooled in RNAiso reagent, and total RNA was extracted. For obtaining tissue-specific RNA-seq data, total RNA was extracted from hemolymph (hemocytes), fat body, gut and whole body of A. pisum ApL strain. Legs of about 200 adult insects were cut by a razor, and exuding hemolymph droplets were collected by 0.5 µl microcapillary glass tubes (Drummond Scientific) and immediately transferred to a plastic tube on ice containing RNAiso reagent. Fat bodies and guts were dissected from 50 and 20 adult insects, respectively, and subjected to RNA preparation. Each cDNA library was prepared from 0.5 to 1 µg of total RNA with TruSeq TM RNA Sample Preperation Kit v2 (Illumina) according to the manufacture's protocol. For RNAseq of Buchnera genes, rRNA was removed from total RNA using Ribo-Zero Gold rRNA Removal Kit (Epidemiology) (Illumina), and then the remaining RNA was subjected to cDNA library preparation.
The quality of the libraries was inspected by an Agilent Bioanalyzer 2100 (Agilent Technologies).
Paired-end or single-end sequence for each read was analyzed by Illumina HiSeq 1500/2000/2500/X Ten. These RNA-seq data are summarized in Table S1 with accession numbers. For genome sequencing of Buchnera Nmo, bacteriocytes collected from 15 aphids derived from a single gall were subjected to genomic DNA extraction using QIAamp DNA Mini kit (Qiagen). The genomic DNA was sheared using Covaris S2 ultrasonication system (Covaris), and then the DNA fragments, which was about 350 bp in size, were collected by Pippin Prep (Sage Science). The DNA library was prepared from 100 ng genomic DNA with TruSeq TM Nano DNA Sample Prep Kit (Illumina). Pairedend sequence for each read was analyzed by Illumina MiSeq.
Bioinformatics. De novo assembling of raw reads of N. monzeni (rep1) was performed using the program Trinity program (S16). The assembled contigs were revised by replacing the incomplete short contigs of the RCP and RCP-S genes to the full-length cDNA sequences determined by molecular cloning procedures as described. Then, the reads were mapped to the revised contigs using the CLC Genomics Workbench software (Qiagen). The transcript expression levels were estimated by calculating transcripts per kilobase million (TPM) values. Genes were annotated by BLASTx searches (e-value threshold at 1E-5). Differentially expressed genes among N. monzeni libraries were statistically estimated by the EdgeR (S17). In this study, genes whose TPM value in the LGC library was at least twice larger than those of the other 5 libraries were regarded as "LGC-dominant genes".
Gene Ontology (GO) terms enriched in LGC-dominant genes were analyzed using the GOseq application (S18). Genome and gene ID packages for fruit fly (org.Dm.eg.db) were used to link the aphid genes to the GO categories. Principle component analysis was performed using the software R 3.5.1 (S19). Cluster analysis was performed using the program Heatplus (S20). In tissue-specific RNAseq of A. pisum, raw reads were mapped to the sequences of the Official Gene Consensus Set ACYPI mRNA v2.1b downloaded from AphidBase (http://www.aphidbase.com/aphidbase/).
Hemocyte-and fat body-dominant genes were defined as genes whose TPM value in each tissue library was at least twice larger than that of the whole body library. De novo assembly of whole genome sequence of Buchnera Nmo was performed using the program Velvet (S21). The sequence was manually corrected after remapping of raw reads to the assembled genome sequence. Genes were annotated using the MiGAP pipeline (S22). Gene expression levels were estimated by mapping RNAseq reads to the assembled genome sequence by using the CLC Genomics Workbench software.
The accession numbers for the genomic sequences are indicated in Figure 7 .
Molecular Phylogenetic and Evolutionary Analyses. Multiple alignments of amino acid sequences
were generated using the program MUSCLE implemented in the software MEGA7 (S23). Model selection and maximum-likelihood phylogenies were also constructed using the MEGA7. Relative rate tests were performed using the program RRTree (S24). Immunohistochemistry of PO using a pre-immune serum, corresponding to Figure 3C .
SI References
(D)
Immunoelectron microscopy of PO using a pre-immune serum, corresponding to Figure 3H .
(E)
Immunoelectron microscopy of RCP using a pre-immune serum, corresponding to Figure 3I . ( LGC, large globular cell; WBS, whole body of soldier. Note that
LGCs are specifically found in soldier nymphs. To avoid contamination of LGCs, the bacteriocyte samples were dissected from adult insects. Asterisks indicate statistically significant differences (GLM: *, P < 0.05; **, P < 0.01; ***, P < 0.001).
SI Movie Legends
Movie S1. Soldier nymphs of N. monzeni repairing their gall. 
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